Experimental Section

Materials and Methods
Chemicals
The lithium bis(trifluoromethane sulfonimide) (LiTFSI), lithium hexafluorophosphate (LiPF 6 ), ethylene carbonate (EC), dimethyl carbonate (DMC), ethyl methyl carbonate (EMC), propylene carbonate (PC), vinylene carbonate (VC), dimethyl ether (DME), dioxolane (DOL) were purchased from BASF. The polyacrylonitrile (PAN) was purchased from Aladdin, and all chemicals were used as received.
Preparation of electrolyte
For the purpose of investigating the effect of different electrolytes, two typical electrolytes of 1M LiTFSI in DME: DOL=1:1, (v/v, referred as TE-I, short for traditional electrolyte-I) and 1M LiPF 6 in EC: DMC: EMC=1:1:1 (v/v/v, refereed as TE-II, short for traditional electrolyte-II) were prepared. Furthermore, electrolytes with different volume ratios (1:9, 2:8, 3:7, 4:6 5:5, 6:4, 7:3, 8:2, 9:1) of TE-I and TE-II were also prepared, and these compositions were referred by the proportion of solvent in the electrolyte (TE-I x TE-II 1-x , 0.0≤x≤1.0). For the purpose of investigating the influence of the solute of LiTFSI and LiPF 6 , different ratios of LiTFSI and LiPF 6 in DME: DOL=1:1 (v/v) were prepared, referred as Li(PF 6 ) x (TFSI) 1-x (0.0≤x≤1.0). Furthermore, 1M LiTFSI in different volume ratios of EC, DMC, and EMC with DME: DOL=1:1 (v/v) were also prepared, referred by the proportion of solvent in the electrolyte (EC x TE-I 1-x , DMC x TE-I 1-x , EMC x TE-I 1-x , 0.0≤x≤1.0). Another new electrolyte with 1% VC additive in 1M LiTFSI in DOL:DME (1:1, v/v) was prepared, and referred as NE-IV.
Synthesis of the cathode materials
The SPAN was synthesized by pyrolyzing PAN and sulfur powder. A homogeneous mixture of 2.5 g PAN (M w =150,000) and 7.5 g of sublimed sulfur was created and heated to 450 °C (with a heating rate of 5 °C min -1 under nitrogen atmosphere) and held at this temperature for 6 hours. The black colored product, referred as SP-42%, was used as the active material. A high sulfur content SPAN (SP-62%) was also synthesized using the method above but with a higher ratio S (PAN:S = 1:9) and a hold temperature of 300 °C. Ketjen black @sulfur (KB@S) was prepared with ratio of KB:S as 3:7 by first holding the temperature at 155 °C for 12 hours, and then raising it to 200 °C and holding for another 2 hours. Porous carbon @sulfur (PC@S) was prepared by hydrothermal-annealing glucose, then activation with KOH at 700°C, finally the sulfur was infiltrated with 40% content.
Material Characterization
Scanning electron microscope (SEM) and transmission electron microscopy (TEM) was used to characterize the microstructure, and XRD with a 2 range of 5-80 using Cu K radiation (0.154056 nm) was used to characterize the crystal structure. An ESCALAB 250Xi was used for the XPS analysis, a Renishaw 2000 system was used for collecting the Raman spectrum, the WQF-510A was used to measure the FTIR transmission. Finally, a STA 449C thermoanalyzer with heating rate of 5 °C min -1 was used for the TGA analysis.
Electrochemical Characterization
Generally, the electrodes were prepared by coating the SPAN: carbon black: CMC ( As for the baseline data, the areal mass loading was approximately 1 mg cm -2 with the electrolyte amount encompassing the excess.
For the KB@S electrodes, the electrodes were prepared by coating the KB@S: carbon black: Coulombic efficiency at high rates are suppressed. While the battery capacity with TE-II was particularly low at high current densities, it was relatively high with the new NE-I, NE-II, and NE-III electrolytes and exhibited excellent Coulombic efficiency due to the formation of bilateral SEI. The corresponding rate capacities are summarized in Table S1 . Note S2. The kinetics analysis of the sulfur-graphite full cell.
For convenience, kinetics analysis was used to elucidate the electrochemical properties of the full cell with electrolyte NE-I. By plotting the relationship between the log(peak current) and log(scan rate) of the CV curves of the full cell at various scan rates from 0.05-5 mV s -1 , the bvalue of the cathode and anode of the full cell was calculated as 0.925 and 0.827, respectively,
indicating that the main current in the peak is capacitive. 4 It is also possible to separate this current from the capacitive and diffusion-controlled processes. The total current and the capacitive current at the scan rate of 0.1 mV s -1 reveals the occurrence of diffusion-controlled process mainly at the peak, which is due to the reaction of S with Li + . The results of the contribution ratios between the capacitive and the diffusion-controlled processes at various scan rates recorded an increase in the capacitive contributions with an increase in the scan rates. 4 The pseudocapacitance of the full cell is possibly from the Li + insertion into the graphite. Furthermore, the calculated average of this Li + diffusion coefficient of the full cell is 4.4×10 -9 cm 2 s -1 , and the high Li + diffusion coefficient is beneficial for the electrochemical performance. The Nyquist plots of the full cell before and after the completion of 50 cycles yielded a very small diameter of the semicircle with the intercept indicative of the diminutive resistance of the charge transfer and the internal resistance, which accounts for the excellent electrochemical performance. 
